An extremely halophilic archaeon was isolated from a water sample of Isla Bacuta saltern in Huelva, Spain. Strain ASP54 T is a novel red-pigmented, motile, rod-shaped, Gram-stainnegative and strictly aerobic haloarchaeon. Strain ASP54 T grew in media containing 15-30 % (w/v) salts and optimally with 25 % (w/v) salts. It grew between pH 5.0 and 9.0 (optimally at pH 7.5) and at 20-40 8C (optimally at 37 8C). Phylogenetic analysis based on multi-locus sequence analysis (MLSA) and the comparison of 16S rRNA gene sequences revealed that strain ASP54 T is most closely related to the genus Halovenus. The closest relatives were Halovenus aranensis EB27 T (92.1 % 16S rRNA gene sequence similarity), Halorientalis regularis TNN28 T (92.1 %), and Halorientalis persicus D108 T (92.0 %). The polar lipid pattern of strain ASP54 T consisted of biphosphatidylglycerol, phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate, sulfated mannosyl glucosyl diether and a minor-phospholipid. The predominant respiratory quinone was menaquinone-8 (MK-8) (83 %), and a minor amount of MK-8(VIII-H 2 ) (17 %) was also detected. The G+C content of the genomic DNA of this strain was 63.1 mol%. Based on the phenotypic, chemotaxonomic and phylogenetic data presented in this study, strain ASP54 T represents a novel species of the genus Halovenus, for which the name Halovenus salina sp. nov. is proposed. The type strain is ASP54 T
The genus Halovenus was proposed by Makhdoumi-Kakhki et al. (2012) and, at the time of writing, includes only one species, Halovenus aranensis, isolated from Aran-Bigdol hypersaline lake in Iran. The only species of the genus Halovenus includes Gram-stain-negative, strictly aerobic, non-motile and pleomorphic (rods to triangles, squares or disc-shaped) cells which are catalase-and oxidase-positive. The species is extremely halophilic with growth occurring in media containing 15-30 % (w/v) NaCl and optimal growth with 25 % (w/v) NaCl. The polar lipids pattern consists of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester and two minor phospholipids. MK-8(II-H 2 ) is the only lipoquinone present. The DNA G+C content is 61 mol% (Makhdoumi-Kakhki et al., 2012) .
Currently phylogenetic analyses in prokaryotes are mainly based on the comparison of 16S rRNA gene sequences. However, haloarchaea are known for their frequent recombination across great genetic distances (Williams et al., 2012; Nelson-Sathi et al., 2012) and in many cases their rRNA operons undergo intragenic recombination (Boucher et al., 2004) . For these reasons, a multi-locus sequence analysis (MLSA) approach is also being used. Recent MLSA studies recommended the use of the atpB, ef-2, glnaA and rpoB' housekeeping genes. These genes provide a lower frequency of recombination, are single copy in haloarchaeal genomes, are more highly conserved than 16S rRNA genes, and are therefore, more suitable for distinguishing among the species Oren & Ventosa, 2013; Fullmer et al., 2014; Ram Mohan et al., 2014) .
Gram-stain-negative extremely halophilic archaeon, strain ASP54 T , was isolated from a water sample obtained from a saltern of Isla Bacuta, Huelva, Spain. At the time of sampling, the salinity of the water was 22 % (w/v) total salts, the pH was 7.4 and the water temperature was 29 8C. Preliminary data indicated that strain ASP54 T was phylogenetically related to the genus Halovenus and to other halophilic members of the family Halobacteriaceae. In this paper, we describe the taxonomic features of this novel archaeon and propose it represents a novel species of the genus Halovenus. For this purpose, we have followed the minimal standards recommended by Oren et al. (1997) for the description of new taxa of the order Halobacteriales. In addition, MLSA was used to further resolve the phylogenetic position of the novel isolate.
The isolation of strain ASP54 T was performed by plating aliquots (100 ml) of the water sample, previously diluted up to 10 24 with sterile salt solution, on saline media and incubating aerobically at 37 8C for one month. The isolation medium used was prepared with a 25 % (g l 21 ) salts mixture: NaCl, 195; MgCl 2 . 6H 2 O, 32.5; MgSO 4 . 7H 2 O, 50.8; CaCl 2 . 2H 2 O, 0.5; KCl, 5; NaHCO 3 , 0.1; NaBr, 0.38 (Subov, 1931) , supplemented with 0.1 % (w/v) yeast extract (Difco), 0.1 % (w/v) sodium pyruvate (Aldrich) and 1 % (w/v) agarose (Lonza). The pH of the medium was adjusted to 7.2-7.4 with 1 M KOH. For routine growth, the strain was cultivated in the same medium prepared with 25 % (w/v) total salts and 0.1 % (w/v) yeast extract, but without sodium pyruvate and solidified with 1.8 % (w/v) agar (Difco) when necessary. The strain was maintained in the routine medium in slant tubes, and for long-term preservation in cryotubes prepared for freezing at 280 8C as follows: 750 ml fresh culture (OD 600 0.8-1.0) and 250 ml glycerol/25 % salt mixture (80 : 20, v/v) (Dyall-Smith, 2009 ). Halovenus aranensis IBRC-M 10015 T and Halorientalis persicus IBRC-M 10043 T , obtained from IBRC (Micro-organisms Bank, Iranian Biological Resource Centre), and Halorientalis regularis JCM 16425 T , obtained from JCM (Japan Collection of Microorganisms), were used as reference strains for comparison in the study; these strains were grown following the recommendations of the culture collections.
Cell morphology and motility were examined using an Olympus CX41 microscope equipped with phase-contrast optics. Cells of strain ASP54 T were motile rods, 0.5-16 1.0-3.0 mm, and occurred as single cells, without any regular arrangement ( Fig. S1 , available in the online Supplementary Material). Colony morphology was observed on routine medium under optimal growth conditions after incubation at 37 8C for 3 weeks. Colonies of strain ASP54 T on agar plates were circular, smooth, entire, opaque, red-pigmented and 1 mm in diameter.
Optimal conditions for growth and range were determined by growing the strain in routine medium prepared at the following salinity values: 0.5, 1, 3, 5, 7, 7.5, 8, 10, 15, 20, 25 and 30 % (w/v) total salts and at temperatures from 5 to 45 8C (in increments of 5 8C) and from 35 to 40 8C (in increments of 1 8C). The pH range was determined in routine medium at optimal salinity adjusted to pH 4.5-9.5 (in increments of one pH unit) by the addition of MES (for pH 4.5-6.0), PIPES (pH 6.5-7.0), Tricine (pH 7.5-8.5) or CHES (pH 9.0-9.5) to a final concentration of 50 mM (Scorpio, 2000) .
Strain ASP54 T grew in media containing 15-30 % (w/v) salts and optimally in media containing 25 % (w/v) salts. No growth was observed in the absence of NaCl. Strain ASP54 T grew at 20-40 8C (optimally at 37 8C) and at pH 5.0-9.0 (optimally at pH 7.5). The strain was not able to grow anaerobically, determined after incubation in an anaerobic chamber (GasPak Anaerobic system; BBL).
The genomic DNA of strain ASP54 T was obtained using the method described by Marmur (1961) . The 16S rRNA gene was amplified by PCR (Sambrook & Russell, 2001) using universal primers 21F (59-TTCCGGTTGATCCTGCC-GGA-39) and 1492R (59-GGTTACCTTGTTACGACTT-39) (DeLong, 1992) . The PCR product was sequenced using the Sanger method. The nucleotide sequence of the 16S rRNA gene of strain ASP54 T (1402 bp) was aligned with ChromasPro software version 1.7.6 and ARB 5.5 software package (Ludwig et al., 2004) . The identification of the closest phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e tool (Kim et al., 2012) . The 16S rRNA gene sequence was checked against both primary and secondary structures of the 16S rRNA molecule using the alignment tool of the ARB software package (Ludwig et al., 2004) . Phylogenetic trees were reconstructed using three different methods, namely the maximum-likelihood (Felsenstein, 1985) , maximum-parsimony (Fitch, 1971) and neighbour-joining (Saitou & Nei, 1987) algorithms integrated in the ARB software. The analysis of the 16S rRNA gene sequences studied revealed that the closest relatives of strain ASP54 T were Halovenus aranensis EB27 T (92.1 % similarity), Halorientalis regularis TNN28 T (92.1 %), Halorientalis persicus D108 T (92.0 %). Lower similarities were obtained with respect to Halomicrobium zhouii TBN51 T (91.9 %), Halorhabdus utahensis DSM 12940 T (91.8 %), Halorhabdus tiamatea SARL4B T (91.8 %), Halomicrobium mukohataei DSM 12286 T (91.8 %) and Halosimplex carlsbadense 2-9-1 T (91.5 %). The phylogenetic tree ( Fig. 1 ) based on the 16S rRNA gene sequence comparison and reconstructed by the maximum-likelihood method showed that strain ASP54 T constituted a single branch, which clustered with Halovenus aranensis EB27 T ; it was then related to other species belonging to the family Halobacteriaceae. Similar tree topologies were obtained using the neighbour-joining and maximum-parsimony treeing methods (Fig. 1) .
In order to complete the phylogenetic study we carried out an MLSA approach, based on four housekeeping genes, atpB, ef-2, glnA and rpoB', which were amplified by PCR, using primers designed for each locus. For each primer, IP: 54.70.40.11
On: Sun, 10 Mar 2019 22:54:00 the sequencing primer M13 (18 bp) was added to the 59 end of the primer Ram Mohan et al., 2014) . Each PCR was 20 ml in volume, and reactions were run on a Mastercycler Ep Thermocycler (Eppendorf) using the following PCR cycle protocol: 30 s initial denaturation at 98 8C, followed by 40 cycles of 30 s at 98 8C, 5 s at the annealing temperature for each set of primers and 15 s at 72 8C. Final elongation occurred at 72 8C for 1 min. The PCR products were separated by gel electrophoresis with agarose (1.5 %). Gels were stained with ethidium bromide. A 1 kb Blue DNA marker (Intron) was used to estimate the size of the amplicons. PCR products were sequenced using the Sanger method. The concatenation of the four loci (atpB, ef-2, glnA and rpoB') produced an alignment of 2128 bp.
The sequence similarity values of the genes atpB, ef-2, glnA and rpoB' of strain ASP54 T with those of Halovenus aranensis IBRC-M 10015 T were 92.0 %, 92.0 %, 84.0 % and 89.0 %, respectively. Lower similarity values were obtained with respect to other members of the family Halobacteriaceae.
These similarity values are much lower than the cut-off percentages that are currently considered for the delineation of species. The phylogenetic tree based on the four concatenated housekeeping genes (Fig. 2) , was reconstructed by the neighbour-joining method using amplified MLSA target gene sequences (atpB, ef-2, glnA and rpoB') of the novel iso- were created taking into account the corresponding amino acid alignments for protein-coding genes generated by translating the genes to protein sequences, in addition the alignments were edited using BioEdit (Hall, 1999) . The genes were concatenated in the order atpB, ef-2, glnA and rpoB'. Using MEGA5 software (Tamura et al., 2011) , the MLSA For the phenotypic characterization, all features were determined by growing the strains in the medium prepared at 25 % (w/v) total salts, pH 7.5 and at an incubation temperature of 37 8C. Catalase activity was determined by adding 1 % (w/v) H 2 O 2 solution to colonies on solid medium. The oxidase test was performed using the Dry Slide assay (Difco). Tests for the hydrolysis of starch, gelatin, casein, Tween 80, nitrate and nitrite reduction were carried out as described by Barrow & Feltham (2003) . The methyl red and Voges-Proskauer tests, Simmons's citrate and anaerobic growth in the presence of nitrate, arginine or DMSO were performed as described by Oren et al. (1997) . Tests for indole production from tryptophan and urease were performed as described by Gerhardt et al. (1994) . The production of H 2 S was determined by a strip of lead acetate paper held in the top of the inoculated tube prepared on the liquid medium (Clarke, 1953) . The production of acid from different carbohydrates was tested in a medium with 0.5 % (w/v) yeast extract and supplemented with 1 % (w/v) of the carbohydrate assayed and sterilized separately as described by Ventosa et al. (1982) . To determine the utilization of different organic substrates as carbon and energy sources, a medium containing 0.05 % (w/v) yeast extract and supplemented with 1 % (w/v) of the tested substrate was used (Ventosa et al., 1982) .
Strain ASP54 T was catalase-and oxidase-positive. The methyl red test was positive. Voges-Proskauer, indole production from tryptophan, Simmons's citrate, and urease tests were negative; nitrate was reduced but nitrite was not reduced. Gelatin was hydrolysed, but Tween 80, starch, casein and aesculin were not. H 2 S was produced. Other phenotypic characteristics of strain ASP54 T are included in Table 1 and in the species description.
Antimicrobial compounds sensitivity tests were performed by spreading the culture suspension on solid medium plates, Table 1 . Characteristics that differentiate strain ASP54 T from type strains of closely related species of the genera Halovenus and applying discs impregnated with the antimicrobial compounds according to the conventional Bauer-Kirby method (Bauer et al., 1966) and incubating at 37 8C for 3 weeks then interpreting the inhibition zone. The following antimicrobial compounds were tested: ampicillin (10 mg), neomycin (10 mg), novobiocin (30 mg), rifampicin (30 mg), gentamicin (10 mg), trimethoprim+sulfametoxazol (23.75 ng/1.25 ng), erythromycin (15 mg), chloramphenicol (30 mg), nalidixic acid (30 mg) kanamycin (30 mg) and penicillin G (10 UI). Strain ASP54 T was sensitive to novobiocin and trimetho-prim+sulfametoxazol, but resistant to ampicillin, neomycin, gentamicin, erythromycin, chloramphenicol, nalidixic acid, kanamycin, rifampicin and penicillin G. In contrast to strain ASP54 T , Halovenus aranensis IBRC-M 10015 T was sensitive to rifampicin.
The genomic DNA G+C content was determined from the mid-point (T m ) of the thermal denaturation profile (Marmur & Doty, 1962) , using the equation of Owen & Hill (1979) . The DNA G+C content of strain ASP54 T was 63.1 mol%. This value is close to that of Halovenus aranensis IBRC-M 10015 T (60.0 mol% as determined in this study, and 61.0 mol% according to Makhdoumi-Kakhki et al., 2012) (Table 1) .
Cell biomass for polar lipid analyses of strain ASP54 T and the reference strains was obtained by cultivation in the routine medium using the same growth conditions [25 % (w/v) salts, pH 7.5] and incubation at 37 8C for 3 weeks. Polar lipids were extracted with chloroform/methanol following the method for extraction of membrane polar lipids for halophilic archaea previously described by Corcelli & Lobasso (2006) ; the extracts were dissolved at a final concentration of 10 mg ml 21 lipid in chloroform.
To concentrate, the extracts were dried using a SpeedVac Thermo Savan SPD111V. Polar lipids were separated by one-dimensional high-performance thin layer chromatography (HPTLC) using Merck TLC silica gel 60 plates crystal back (10620 cm; Art. 5626). For one-dimensional chromatography, the plates were eluted in the solvent system chloroform/90 % acetic acid/methanol (65 : 30 : 4, by vol.) (Angelini et al., 2012; Corral et al., 2013) . TLC plates were stained by spraying with 5 % sulfuric acid in water, followed by heating in an oven at 180 8C.
TLC of the polar lipids showed that strain ASP54 T contained biphosphatidylglycerol, C 20 ,C 20 and C 20 ,C 25 derivatives of phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate, sulfated mannosyl glucosyl diether and a minor phospholipid (Fig. S2) . The polar lipid profile of the novel strain ASP54 T possesses the major lipids described for Cells are rod-shaped, 0.5-1|1.0-3.0 mm in size, motile and stain Gram-negative. Endospores are not produced. Colonies are circular and red-pigmented, with a diameter of 1 mm after incubation for 3 weeks at 37 uC on plates containing 25% (w/v) total salts. Extremely halophilic; growth is not observed in media without NaCl. Growth occurs in the presence of 15-30% (w/v) salts and optimally in media containing 25% (w/v) salts. Growth is observed at 20-40 uC and pH 5.0-9.0 with optimal growth at 37 uC and pH 7.5. Unable to grow anaerobically. Anaerobic growth in the presence of nitrate, arginine or DMSO was not observed. Catalase-and oxidase-positive. Nitrate is reduced but nitrite is not reduced. Gelatin is hydrolysed, but Tween 80, starch, casein and aesculin are not. H 2 S is produced. The methyl red test is positive. Voges-Proskauer, indole production from tryptophan, Simmons's citrate and urease tests are negative. Acid is produced from D-arabinose and D-glucose, but not from D-mannose, D-xylose, arbutin, D-fructose, D-mannitol, D-galactose, lactose, L-citrulline, dulcitol, myoinositol or inulin. The following compounds are utilized as sole source of carbon and energy : starch, D-arabinose, D-glucose, D-fructose, lactose, D-mannose, melibiose, raffinose, sucrose, melezitose, D-xylose, L-valine, L-ornithine, Lglutamine, L-serine, L-threonine, L-phenylalanine, L-methionine, L-lysine, L-isoleucine, L-alanine, L-tryptophan, butanol, dulcitol, ethanol, glycerol, D-mannitol, myo-inositol, propanol, D-sorbitol, xylitol, methanol and pyruvate. The following compounds are not utilized as sole source of carbon and energy: maltose, D-galactose, D-ribose, trehalose, salicin, acetate, benzoate, citrate, DL-malate, DL-tartrate, succinate, formate, fumarate, propionate, hippurate, L-asparagine and L-cysteine. Polar lipids include biphosphatidylglycerol, C 20 ,C 20 and C 20 ,C 25 derivatives of phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate, sulfated mannosyl glucosyl diether and a minor phospholipid. The major respiratory quinone is MK-8 with minor amounts of MK-8 (VIII-H 2 ).
The type strain is ASP54 T (5CECT 8749 T 5IBRC-M 10946 T 5JCM 30072 T ), isolated from pond water of a saltern in Isla Bacuta, Huelva, Spain. The DNA G+C content of the type strain is 63.1 mol%.
